Backcrossing is a well-known and long established breeding scheme where a characteristic is introgressed from a donor parent into the genomic background of a recurrent parent. The various uses of backcrossing in modern genetics, particularly with the help of molecular markers, are reviewed here. Selection in backcross programmes is used to either improve the genetic value of plant and animal populations or fine map quantitative trait loci. Both cases are helpful in our understanding of the genetic bases of quantitative traits variation.
INTRODUCTION
Backcrossing is a well-known and long established breeding scheme where a characteristic is introgressed from a donor parent into the genomic background of a recurrent parent. The characteristic could be a trait, a gene or even an anonymous locus or chromosome segment. In successive generations, progeny are selected for the characteristic of interest and then backcrossed to the recurrent parent. This ensures that the proportion of genome from the donor parent tends to zero as generations accumulate, except for the part hosting the characteristic of interest. The objective is to reduce the latter to the smallest size necessary. If selection is applied for the desired characteristic only, then the proportion of donor genome is expected to be reduced by one-half (50%) at each generation, except on the chromosome holding the characteristic. On this chromosome, the rate of decrease is slower (Hanson 1959; Stam & Zeven 1981; Naveira & Barbadilla 1992) resulting in linkage drag. Obviously, if selection can also be applied against the donor genome proportion, then its rate of decrease can become faster. Selection on phenotypic resemblance to the recurrent parent (or against the donor) has long been used by breeders. Selection can also be based on molecular marker alleles typical of either parent. Historically, this was among the first suggested uses of molecular markers to assist breeding programmes (Tanksley & Rick 1980; Beckmann & Soller 1983; Burr et al. 1983) . Reduction of linkage drag is the most difficult goal to achieve because of the selection for the target. Hence, this is where use of marker-assisted selection (MAS) is most rewarding (Young & Tanksley 1989; Hospital 2001) .
Backcross and introgression are useful for genetic improvement in breeding programmes. Backcrossing is also useful to dissect the genetic architecture of quantitative traits because it isolates a gene, or chromosomal region, in a different genetic background (the genetic background of the recurrent parent). In fact, it is one of the few reliable methods to validate the additive effect of a quantitative trait locus (QTL) or a candidate gene. In addition, backcrossing could be used prior to, or in conjunction with, QTL detection to increase the precision of QTL mapping. Here, I will review the various ways in which the backcross breeding scheme can still be useful in the field of modern genetics and highlight W. G. Hill's contributions to the field.
As will be seen, the various methods described in the literature have different names, although the same principles hold true for all variants of the method. Names not only vary between organisms and species but also within species, which makes it sometimes difficult to search and link articles otherwise addressing the same questions. More seriously, different names for the same idea in different areas of genetics have led to an unfortunate compartmentalization of the corresponding bodies of literature. In particular, some methodological advances in plant and animal breeding seem to remain unknown to human and animal model geneticists, although I am not the first to point this out.
Hence, in preparing this review I have tried my best to exhaustively research the various terms that could hide recent developments, particularly those linked to the use of molecular markers. I have tried to gather similar methods around a few basic ideas. Given that some of these results might save time in the search for the genetic bases of human diseases, I would be happy if this effort could contribute to bridging the gap between geneticists.
2. BACKCROSSING AND GENETIC IMPROVEMENT (a) Optimization of marker-assisted backcrossing In addition to conventional breeding methods, various aspects of the use of molecular markers (for controlling the target genes, accelerating the recovery of recurrent genome or reducing linkage drag) to improve the efficiency of introgression in backcross breeding programmes have been investigated from a theoretical standpoint in recent years. These were reviewed recently Whittaker 2001; Dekkers & Hospital 2002; Hospital 2003) and will not be detailed here. Whether it is called marker-assisted introgression or marker-assisted backcross, use of markers in backcross breeding programmes is efficient. As far as theory is concerned, relatively simple calculations based on classical Mendelian genetics (probability of recombination) and simulations show that the use of markers may improve backcross breeding at all levels. Several studies have shown that selection on markers for the recovery of genetic background provides a gain in time equivalent to about two backcross generations. Selection against genetic drag can save tens of generations (Young & Tanksley 1989) , not necessarily at high cost (Hospital 2001) . This is true even if the target gene is in fact a QTL located with a given error on the genetic map Hospital & Charcosset 1997) . However, the number of targets is then limited. It is generally not possible to introgress more than four or five QTL, even with the largest population sizes. However, this assumes that the QTL is a 'true' QTL, that is, that it has an effect on the trait of interest (not a false positive) and that this effect is sustained over the breeding programme; specifically, the effect will be unmodified by changes of genetic background, environment or epistatic relationships with other genes. This assumption is not always true for all QTL, as will be discussed below when reviewing realworld QTL introgression experiments.
Methodological optimization of backcross programmes is still needed for two main purposes: (i) the scattered theoretical results from particular, sometimes antagonistic optimization questions should be integrated into comprehensive breeding scenarios that breeders could readily apply to fulfill their breeding objectives (which are possibly constrained by factors such as time, cost, organism biology and molecular techniques). Some attempts have already been made in this direction (Frisch et al. 1999; Ribaut et al. 2002a,b; Servin 2003; Stam 2003 ) but this should be pursued further.
(ii) Optimization efforts should concentrate not only on the average value of backcross progeny but also on their variance. The variance in genomic composition of backcross progeny sharing the same genotype at selected molecular markers at the end of the programme is an important criterion. It controls the number of individuals that should be genotyped (Visscher 1996; Servin 2005) . Both studies are based on an elegant analytical derivation by Hill (1993) Hill (2001) in an amusing book review. Indeed, working on animals instead of plants sometimes makes a big difference for the geneticist. For example, although one of the nicest animals (pig) is a result of introgression (Giuffra et al. 2000) , marker-assisted introgression is more difficult in livestock than in plants for several reasons. The number of offspring is much smaller in animals, inbreeding is a problematic issue and animal breeding is more costly. Hence, it is generally not possible to screen hundreds of individuals and select only one or a few for backcrossing, as is usual in plants. In addition, the generation interval is much longer in animals (quantitative geneticists treat trees as animals rather than plants). Animal breeders have to take into account the increasing discrepancy of genetic value for the nonintrogressed traits between the introgressed and the non-introgressed populations. Such 'genetic lag' happens when introgression populations cannot be selected for traits other than the target of introgression because of a small population size. This raises specific questions (Gama et al. 1992; Groen & Smith 1995; Koudande et al. 1999; Visscher & Haley 1999 (Yancovich et al. 1996) ). Of course, more results are available for animal models such as the mouse but these will be reviewed in §2d. Results reported here concern the use of markers for genetic improvement. As the topic of this review is backcrossing, it concentrates only on introgression experiments. Experimental results for other MAS strategies (population screening, recurrent index selection etc.) are also available, though the general conclusions are the same.
There are different ways to organize the published results available. Hospital (2003) goes from 'simple' to 'complex' schemes or traits, while Bernardo (2002) goes from 'successful' experiments to those with limited success and even 'failure'. However, the references rank in approximately the same order in both classifications and this is probably part of the answer: the rate of 'failed' or better said 'unexpected' (see below) results increases with the complexity of the studied traits.
Relatively 'simple' and certainly highly successful results start with the integration of the Bt transgene into different maize genetic backgrounds (Ragot et al. 1995) . In this case, there is a single target, which is a well known transgenic construction, so the 'marker' equals the target without recombination. This confirmed the theoretical prediction that the use of markers to speed up the recovery of recipient genome background provides a gain in time equivalent to two generations of backcrossing. Although few other respective results have been published, the technique is now largely used, particularly by private plant breeding companies.
Other successful experiments report the manipulation of known genes (not transgenes) with indirect (linked) markers. This includes 'pyramiding' of several major resistance genes in rice, from near-isogenic lines (NIL, see §3a) that each carry only one gene, into a common background (Huang et al. 1997; Hittalmani et al. 2000) .
Finally, a few successful reports concerned unknown, QTL genes. Toojinda et al. (1998) successfully introgressed two QTL for stripe rust resistance in barley into a genetic background different from the one used to map the QTL. The effects of both QTL were confirmed and additional QTL were detected in the new background, including some resistance alleles brought in by the susceptible parent. Note that it is unclear how to assess the latter observation. It should be considered as more than successful from the breeder's perspective. However, would someone concerned with a more fundamental understanding of the genetic bases of quantitative traits consider such unexpected results 'successful'? Probably the answer relies on which genes were polymorphic in both populations. Chee et al. (2001) also report the successful transfer of a QTL for grain protein concentration in wheat into a different genetic background. Ahmadi et al. (2001) successfully introgressed two QTL for resistance to yellow mottle virus in rice. Yousef & Juvik (2002) successfully selected on three markers linked to QTL that enhanced seedling emergence in sweet corn.
The rate of success starts to decrease for introgression of larger numbers of target QTL. If Stuber (1994) claims success in increasing grain yield in maize lines by introgression of six favourable chromosome segments, it must be noted that none of the improved lines had all six segments together. Starting with the introgression lines of Eshed & Zamir (1995) , Lawson et al. (1997) introgressed four target chromosomal regions containing five QTL for pest resistance (acylsugar accumulation) from wild tomato into cultivated tomato. The introgression of the four regions was successful at the genomic level. However, the level of acylsugar accumulation in the progeny introgressed for the five QTL was lower than expected, and, in particular, lower than that of the interspecific F 1 hybrid. Sebolt et al. (2000) performed marker-assisted backcrossing of two QTL for seed protein concentration in soybean. Only one QTL was confirmed in BC 3 F 4:5 progeny (these are common notations in plant breeding: BC i F j refers to progeny obtained after i backcrosses followed by j selfing generations; F j :k means that the value of F j individuals are estimated from the average value of their F k progeny with kZjC1). When that QTL was introgressed in three different genetic backgrounds it had no effect in one background. Shen et al. (2001) manipulated four QTL for drought resistance (root depth) in rice, a trait that is very difficult to manage phenotypically. Starting from doubled haploid lines, they produced a number of BC 3 F 3 lines, each introgressed for one or two QTL at most. Among the four QTL, one exhibited the expected effect in the progeny, one was finally revealed as a false positive, one segment was shown to contain two QTL in repulsion phase (C/K) that reduced its expression and one segment did not exhibit the expected effect. Ribaut et al. (2002a,b) introgressed five target regions containing QTL for drought tolerance (reduction of anthesis-silking interval (ASI)) in maize.
The results depended on the condition of the phenotypic assay of the progeny: the introgressed progeny exhibited a reduced ASI under stress conditions (drought) but the introgression had no visible effect in the absence of stress. Bouchez et al. (2002) performed the introgression of favourable alleles at three QTL for two traits (earliness and yield) between maize elite lines with markerassisted backcrossing. They showed that the use of markers to improve background selection is efficient, even with few markers, especially on non-carrier chromosomes. Foreground selection on markers to control the three target regions without the help of phenotypic assay was also efficient. However, results of the phenotypic evaluation of introgressed progeny, as well as the redetection of QTL among those progeny, depended upon the complexity of the trait under control. For the simple trait (earliness), QTL effects in the progeny were in general accordance with those expected from the original detection in the parental lines. For the more complex trait (yield), results were generally not as good as expected and one high-yielding allele putatively detected from the low-yielding parent finally exhibited an effect opposite to the expectation (i.e. reducing yield). Lecomte et al. (2004) introgressed five QTL strongly involved in tomato fruit quality into three different recipient lines through MAS. The breeding efficiency varied strongly with the recipient parent and significant interactions between QTL and genetic backgrounds were shown for all the studied traits. About 50% of the QTL were confirmed in each new background and new QTL were detected. The QTL with the largest effects were the most stable. Thabuis et al. (2004) transferred resistance to Phytophthora capsici alleles at four QTL from a smallfruited pepper into a bell pepper recipient by three cycles of marker-assisted backcrossing. Introgression was successful but a decrease of the effect from the moderate-effect QTL and of the epistatic interaction between QTL was observed.
Finally, in some cases none of the introgressed QTL had any effect, for example, three QTL for grain yield in barley (Kandemir et al. 2000) and three QTL for high yield in soybean (Reyna & Sneller 2001) .
(d) Why QTL introgression may produce unexpected results. More examples could be added but the literature cited above contains most of the information. Markerassisted introgression is not always successful. One major limitation is not the ability of marker-based selection to produce the selection objective at the molecular level-all experiments report that genomic composition of the produced genotype is close to that predicted by theory. Rather, success of introgression depends on the ability of the target genes to exhibit the expected effects once introgressed in a new genetic background (the genetic background of the recurrent parent). Introgression alters the epistatic interactions between the target and the donor background. Then, it is essentially the additive effect of the target that can show up in the new background, unless new epistatic interactions are built up. Hence, the 'success' or Selection in backcross programmes F. Hospital 1505 'failure' of introgression experiments may help discover whether QTL effects are mostly additive. Conversely, such experiments could be ideal for determining the extent to which epistasis affects the genetic architecture of complex traits. However, when the target QTL fails to exhibit the expected additive effect, it can be that its effect was epistatic (i.e. non-additive) or that the QTL had no effect at all (i.e. it was a false positive). Hence, we are faced with two extreme interpretations (among others that will be detailed below) of the results. It might then be more appropriate to think not in terms of 'success' versus 'failure' but rather in terms of 'expected' versus 'unexpected results' (I thank one of the reviewers of the first draft for helping me point this out more clearly).
Moreover, the rate of unexpected results seems to increase when moving from known genes to QTL, when increasing the number of targets and when dealing with more 'complex' traits (complexity comes from the large number of genes controlling the trait, interactions between genes due to linkage and epistasis, low heritability and interaction between genes and environment). Actually, many of the unexpected results refer to cases where one tried to introgress multiple QTL for yield, which is generally considered by plant breeders as one of the most 'complex' traits because it integrates most of the plant's physiological functions.
From a breeder's point of view, it is clear that it is risky to embark in a selection programme based only on markers unless the target genes are few and have large effects. In other cases, it is probably wiser to support selection decisions with phenotypic evaluation. However, note that the relative merits of marker-based and phenotypic selection must incorporate an economic perspective, so the choice depends on the species and the breeding context (for example, some traits are very difficult, very time consuming or very costly to improve by conventional selection, in which case marker-based selection is greatly valuable even though not greatly efficient).
It is more puzzling, and maybe more interesting for the fundamental quantitative geneticist who wants to elucidate the genetic bases of quantitative trait variation, to understand the reasons why some introgression experiments for quantitative trait loci failed to produce the expected effects.
The first obvious reason is that the putative QTL may in fact be a false positive. As wisely stated by Bernardo (2004) among others, '. the false discovery rate (FDR) should be kept low so that resources are not wasted in introgressing false QTL. Perhaps the success or failure in attempts to introgress QTL may be partly due to the a C (significance) level used to identify QTL'. In addition, it is known that estimated QTL effects are generally biased for several reasons (Beavis 1994; Bost et al. 2001) . Some groups have engaged in an extensive and valuable effort to empirically estimate the repeatability of QTL detection and correct biases in estimated effects (e.g. Melchinger et al. 1998; Schon et al. 2004) .
It might be interesting to perform a quantitative survey of the published results but it does not seem that putative QTL displaying no effect after introgression is the most frequent case. Many times, the QTL is still detected after introgression but its effect is reduced. In the worst cases, it is even opposite to the expected effect, as in Bouchez et al. (2002) . Such cases may not be explained completely by statistical error or imprecision. Another potential cause of unexpected results is the possibility of QTL by environment interactions, which have definitely been shown to exist in some cases (e.g. Ribaut et al. 2002a,b) . Generally, genotype by environment interactions are frequent in plants but less so in animals.
Another explanation worthy of greater consideration is the possibility that the chromosomal segments detected as QTL hold not just one but several genes. Recombination between those genes would then simply modify the effect of the introgressed segments. Such an observation is actually not infrequent after fine mapping of QTL segments (e.g. Eshed & Zamir 1995; Monna et al. 2002; Steinmetz et al. 2002; .
Finally, the last, though probably not the least, cause of unexpected introgression results is epistasis, either between QTL or between QTL and the genetic background. As W. G. Hill (personal communication) said, he would sooner join the club of marker assisted introgression experiments with unexpected results, as we shall certainly learn more about this cause in the near future.
Note that epistasis can be beneficial and MAS very rewarding in some cases. In a very nice experiment, Ahmadi et al. (2001) confirmed the epistatic relationship between two QTL that were detected in a population. Introgression lines hosting one of the QTL, but not the other, displayed no effect. Conversely, the line hosting both QTL exhibited the expected effect. In such cases, use of marker-based selection is clearly valuable because manipulating epistatic relationships by phenotypic selection only is generally very difficult.
BACKCROSS SELECTION AND QTL DETECTION
Because backcrossing isolates a gene or chromosomal region in a different genetic background (the genetic background of the recurrent parent), it helps to dissect the genetic architecture of quantitative traits. In fact, it is one of the few reliable methods to validate the additive effect of a QTL or candidate gene after it is putatively detected. In addition, backcrossing could be used prior to detection to increase the precision of QTL mapping or exploit wild genetic resources. Introgressing one gene into a different genetic background removes or modifies the possible epistatic interactions between that gene and the rest of the genome; it is then useful to study the additive (non-epistatic) effect of the gene. Combinations of introgression lines with different genes and different backgrounds can thus be used to study epistatic interactions.
(a) Isogenics or congenics? Isogenic lines is the term used in plant genetics and congenic strains is the term used in genetics of animal models (mouse, Drosophila). Both refer to the same type of material. It consists of lines (plants) or strains (mouse) that are fixed for identical genomes, except for a small part of genome that differs between lines/ strains. The part of the genome that differs can be a single gene or a chromosome segment, in which case we speak of NIL. Of course, this chromosome segment can be a segment found to be hosting a putative QTL, in which case the 'QTL-NIL' will serve to confirm the QTL (Van Berloo et al. 2001) . In addition, backcrossing can be applied further to cut a chromosomal segment hosting a putative QTL into pieces for finer mapping of the QTL. Snell (1948) pioneered this approach in his Nobel Prize winning work on the major histocompatibility complex. This procedure is now widely used in both plants and animals (Gurganus et al. 1999; Mackay 2001; Brouwer & St Clair 2004) . In addition to validating a QTL, it can serve to investigate a QTL's effects in different genetic backgrounds , resolve linkage between QTL (Monna et al. 2002; Takeuchi et al. 2003; or check for dominance and/or epistatic relationships between QTL (Eshed & Zamir 1995 , 1996 Lin et al. 2000 Lin et al. , 2003 Yamamoto et al. 2000) . Such studies should accumulate for more species and more traits in the near future and, hence, provide us with a better understanding of the genetic bases of quantitative trait variation, which may still be more complex than one thought at the beginning of the QTL revolution ( Derivation of isogenic or congenic material can be also performed in a systematic way, without any prior knowledge of putative QTL location. In this case, a collection of isogenic/congenic material is produced, representing, if possible, most of the donor genome split into small fragments and introgressed in the recipient genome. These lines are then evaluated for quantitative traits in order to directly detect QTL by, for example, comparing the value of a line with a donor segment to the value of the recurrent parent. As stated by Stuber et al. (1999) , from the breeder's point of view: 'a major advantage of this NIL approach is that once a favourable QTL has been identified, it is already fixed in the elite recipient line and the breeding work is essentially complete. In addition, because only a small segment of the genome of the recipient line has been modified, the enhanced line is nearly identical to the original line and the amount of field testing required is minimal. In addition, lines with favourable QTL alleles can be easily maintained and then used for pyramiding several favourable QTL alleles into a single line'. Gene pyramiding will be addressed below.
Derivation of isogenic/congenic material can take different forms and different names, depending on the breeding scheme used and on the proportion of donor genome introgressed into the recurrent parent genome. Chromosome substitution series derived from monosomic and nullisomic series have been used in plants such as wheat (Sears 1953) where polyploidy made it possible. Thanks to molecular markers, it is now possible in other species. Chromosome substitution strains, where the fraction of the genome from the donor is an entire chromosome, are becoming a central tool in mouse genetics (Nadeau et al. 2000; Belknap 2003; Singer et al. 2004) . This is a valuable intermediate, where QTL segments could be first assigned to one chromosome, then possibly dissected further by recombination in additional backcrosses. The work is then based on recombinant congenics (e.g. Santos et al. 2002) , interval-specific congenic strain (Darvasi 1997) , genome-tagged mice (Iakoubova et al. 2001 ) and interval-specific congenic recombinant lines (Bennett et al. 2002) . Note that Drosophila geneticists have already used these techniques for a long time.
In plants, in addition to NIL, the various material derived by marker-assisted introgression includes backcross inbred lines (which gives my favourite acronym here: BIL!), which are BC 1 F 5 progeny obtained after self-pollinating BC 1 F 1 plants for five generations by single-seed descent (Sato et al. 2003) , chromosome segment substitution lines (Kubo et al. 2002) and an 'intervarietal set of part chromosome substitution lines' (Burns et al. 2003) .
(b) Using markers to speed congenics 'Speed congenics' is the name used by mouse geneticists to refer to the use of molecular markers for speeding up the derivation of congenic material. Again, several strategies have been proposed: 'interval-specific congenic strain' (Darvasi 1997) , 'QTL-marker-assisted counter selection' (Bennett & Johnson 1998) , markerassisted congenic screening (Collins et al. 2003) , MAS protocol (Estill & Garcia 2000) , chromosome elimination strategy (Weil et al. 1997 ) and marker-assisted congenics (Deng et al. 2001) .
It seems quite obvious that, except for the biology of the species studied, 'speed congenics' has a lot in common with the 'marker-assisted introgression' breeding schemes outlined in §1 and that at least the theoretical work on the optimization of both schemes should benefit each other. However, that has not been the case. Although Visscher (1999) has pointed out that one of the most cited theoretical works on speed congenics is based on an incorrect treatment of recombination, the literature in mouse genetics still largely ignores the results derived in the context of plant and animal breeding, the paper by Wakeland et al. (1997) being one of the rare exceptions.
Conversely, the derivation of congenics could be improved by applying the methodologies developed for plants and animals. More generally, it should be possible to derive methods to produce either congenic strains or isogenic lines in a more efficient way (i.e. faster) by an optimal use of marker-based selection. Given that such populations are likely to be developed as central tools for the dissection of complex traits in numerous species (see also below), such effort would certainly be helpful.
(c) Recurrent selection backcross schemes Sewall Wright (1952) had suggested using a breeding scheme with repeated backcrossing and selection on a quantitative trait to isolate genes of large effects on that trait in the recurrent genetic background. This method attracted renewed interest after Hill (1998) revisited it and is now sometimes called recurrent selection backcross (RSB). With many markers surrounding the fixed QTL segment, the NIL obtained could then be used for Selection in backcross programmes F. Hospital 1507 fine mapping the QTL. Hill (1998) computed the probability that a QTL of specified effect remains segregating as a function of its effect on the trait, the intensity of selection and the number of generations of backcrossing. This method works best for QTL of large effects. However, as suggested by Hill (1998) , interspersing a generation of inter se mating between each generation of backcrossing (RSBI for RSB intercross) makes it possible to apply stronger selection and, hence, to fix QTL of smaller effects. The theoretical basis for the RSB/RSBI-based QTL mapping method was further investigated by Luo et al. (2002) who studied its optimization and efficacy, and compared the latter to conventional interval mapping of QTL. It was concluded that RSB/RSBI does not use the same information as interval mapping and may be relevant to quantitative traits of a different genetic architecture. However, RSB still has some advantages over interval mapping, particularly in exploiting very dense marker coverage around the QTL. The authors argue that 'Given that many years of considerable research efforts to isolate genes affecting complex traits have resulted in slow progress, we would not consider the long duration of the RSB breeding program to be an expensive investment for significant improvement in mapping precision and resolution in the QTL locations that may lead directly to cloning of QTL'. In addition, they show that the precision of RSB-based mapping can only increase when increasing the duration of the scheme (number of generations), which is not always the case for other 'highly recombinant' schemes using multiple generations of intercross, for example, advanced intercross lines (Darvasi & Soller 1995) . Recently, Luo & Ma (2004) gave a theoretical formulation for predicting heterozygosity of a putative marker locus linked to two QTL in an RSB scheme.
(d) Backcross and genetic resources
The advanced backcross QTL analysis proposed by Tanksley & Nelson (1996) is similar to the RSB scheme described above in that a QTL from an exotic resource is introgressed into 'elite' genetic background by selection. However, selection here is not necessarily for the trait of interest, but rather against the unwanted phenotypic characteristics of the donor. It could also be 'natural' selection (i.e. no conscious selection). This approach has been used with some success ( Tanksley & Nelson 1996; Bernacchi et al. 1998 ).
More generally, exotic genetic resources may hide genes for agriculturally important traits of larger effects than those already segregating in the commercial population, which was indeed shown in some plants . Based on this fact, there is a growing interest in using molecular markers to 'unlock the genetic potential from the wild' (Tanksley & McCouch 1997) . It is then advocated to 'strengthen the resources of the research community, which is positioned between the seed banks and the commercial plant breeders, so that this community can bring about germplasm enhancement through the development of exotic introgression lines' (Zamir 2001) . It can be argued that it may be more urgent to develop such libraries for inbred plants where the degree of polymorphism in commercial varieties, like tomato, is low.
In any case, this is another reason to expect the development of numerous 'introgression lines libraries' in the near future. This will require expensive community resources, large databases (Gur et al. 2004) and new selection methods to be able to 'pyramid' all detected QTL into new improved genetic material ).
CONCLUSION
It is likely that the old backcross-breeding scheme still has a lot to offer the genetics community. Improved selection methods based on marker information are still sought to make it more efficient, leading to improved agricultural populations of plants and animals, finer description of the genetic architecture of quantitative traits, better understanding of epistasis between QTL and wider knowledge of genotype by environment interactions. Finally, it may help us tap into the genetic resources present in the wild relatives of most crops.
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